The information reported in the literature on the biosynthesis of sterols in plants is scanty, and studies in this field have been limited by the difficulties inherent in the administration of labelled substances to plants and by their low metabolism rates. The existing data relate to the incorporation of radioactivity from labelled acetate and mevalonate into phytosterols with various plant systems 1_6 . It was recently observed that succinate is also well incorporated in the 22,23-dihydrostigmasterol in wistaria flowers '.
Although few data on the distribution of radioactivity have been reported 6 , it is assumed that the biosynthesis of sterols in plants and in animals proceed by similar routes and that the primary plant sterol would be cholesterol or an analogous molecule. The purpose of these studies 8 ' 9 is to discover which general metabolites are used by the vegetal organisms to biosynthesize natural compounds of difficult or unknown chemical synthesis.
In fact in the biological preparation of labelled molecules one is interested to obtain both a high specific activity and a high radiochemical yield, starting from simple compounds.
We have investigated the role of substances interesting the area of primary metabolism in living organism as acetate, pyruvate and anions of bicarboxylic and tricarboxylic acids involved in the Krebs cycle. Mevalonate, which is a specific precursor for the sterols, has been used to have a comparison term in the evaluation of the incorporation data.
Materials and Methods

a) Preparations of the cultures and administration of labelled compounds
The radioactive compounds were supplied by the Radiochemical Centre at Amersham (U.K.).
The preparations of the cultures and administration of labelled compounds were carried out, as previously described 9 . 
b) Extraction and purification of 22,23-dihxdrostigmasterol
The dry flowers of wistaria were extracted with diethyl ether for 40 hours. The solvent was removed and the residue was saponified with 50% N/2 alcoholic potash for 48 hours.
After extraction with diethyl ether from the ethereal solution it was obtained a white-yellow residue.
The residue was chromatographed on alumina columns using the following series of eluents: petroleum ether 40° -70 °C, benzene/petroleum ether 40° -70 °C (5/95), benzene/petroleum ether 40° to 70 J C (50/50), benzene and diethyl ether. The product eluted by benzene was 22,23-dihydrostigmasterol of aspect white, crystalline. The phytosterol was repeatedly crystallized from ethanol/acetone until its radioactivity became constant. Melting point = 136 U C. The average yield per extraction was about 100 mg. The radiochemical purity was tested by thin-layer chromatography with a 7/3 V/V mixture of ethyl acetate and cyclohexane as eluent.
c) Radioactivity measurements
The radioactivity was measured by means of a liquid scintillation counter (SELO), as described earlier 8 .
Results and Discussion
In the Table II Under our experimental conditions, the best radiochemical yields were obtained in about 12 hours of metabolism. In other experiments we have tested the incorporations of mevalonate and acetate at the 6th hour of metabolism and we have found values smaller by a factor of about 2 than in the experiments at 12 hours. The linear hydrocarbon heptacosane is also found in the flowers of Wistaria Sinensis and its biosynthesis has been reported in another paper 9 . From the results obtained from that work it appears that acetate shows the highest percentage of incorporation also in the heptacosane. The competition for the acetate by various substances within the plant provides further confirmation of the classic theory of LYNEN 10 ' 11 . This Author has 10 F. LYNEN, Angew. Chem. 21, 929 [1965] recognized the fundamental role of the acetate for the biosynthesis of a variety of natural products. The biosynthetic pathways from acetate can be divided in two groups. In the former group the biosynthesis occurs via linear polyacetyl chain, as for the fatty acids and the long chain hydrocarbons. In the latter group the biosynthesis occurs via branched chains of isoprene for condensation and partial reduction of acetate units. This latter class of biosynthetic pathways includes the formation of terpenes and sterols.
The incorporation of [2,3-14 C] succinate is also significant. It is suggested that the radioactive carbon atoms of this molecule are incorporated by various routes, the most probable of which may be: 
The acetate and the acetoacetate follow the usual path for the formation of the sterol via mevalonate.
The first two routes are supported by the results of incorporation of [2-14 C] pyruvate (Table II) and [2-14 C] propionate (specific incorporation = 1.0-10~4 at the 24th hour). The transformations of succinate, via pyruvate and propionate are not the only possible ones, because the incorporations of these last compounds are lower than that of the [2,3-14 C] succinate. For this fact we suppose that the third path may be the most important in comparison with the other ones.
[1,5-14 C] citrate, [5-14 C] ketoglutarate, [1, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C] succinate and [1,4-14 C] fumarate were incorporated more slowly and in smaller quantities than the other compounds. This, together with the fact that these compounds are labelled in their carboxyl groups, suggests that they readly lose the most part of their radioactivity as a result of decarboxylation, and that the resulting labelled carbon dioxide is utilized by the plant tissue for a total synthesis of the sterol. This "dark fixation" of the carbon dioxide was proposed by some authors 12 , and was verified experimentally by studies on a number of general metabolites such as amino acids, and glycides. In our experiment with H 14 C03 e , we found a specific incorporation of 1: 2 respect to fumarate at 24 hours of metabolism.
Whereas [1,4-14 C] fumarate and [1,4-14 C] succinate appear to be utilized outside the Krebs cycle, owing to the irreversibility of the reaction ketoglutarate ->• succinate; ketoglutarate and citrate may give labelled acetyl CoA by the reaction ketoglutarate -citrate -> oxalacetate + acetyl CoA and enter into the biosynthesis of the sterol also in this form.
The higher incorporation of [1, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C] citrate than of [5-14 C] ketoglutarate is due to the presence of twice as many 14 C atoms per molecules for use in the formation of acetyl CoA. Consequently it may be assumed that the utilization of these two compounds, however indirect, in the biosynthesis of the phytosterol involves the Krebs cycle.
In spite of the fact that the biosynthetic pathway to 22,23-dihydrostigmasterol and heptacosane start from the same acetate pool, it is unpossible at present to tell whether there is any biogenetic relationship between the two compounds. Informations about possible biogenetic relationship could be obtained either using heptacosane as precursors, either from a comparison between the results from experiments in usual conditions and results from experiments in which the production of one of the two metabolites is inhibited.
However, such a relationship is difficult to define because of the complexity of the enzymatic systems that may act in whole plant tissues. For this reason, biogenetic studies are being carried out on the possible role of the cellular fractions (mitochondria, microsomes, soluble enzymes) on the biosynthesis of natural products 13_15 .
